Study design: Retrospective case series. Objective: To describe the uptake of upper limb surgery by individuals with tetraplegia in New Zealand (NZ). Setting: New Zealand.
Introduction
Impairment of the upper limb after cervical spinal cord injury (SCI) causes a loss of independence in basic daily tasks, such as grooming, eating, drinking and communication. Individuals with tetraplegia desire improved upper limb function above all other lost functions, including bowel, bladder and sexual function and ambulation. 1 Surgical procedures to improve elbow extension, pinch and finger grasp in people with tetraplegia are performed in many centres. The benefits of these procedures are acknowledged by both surgeons and people with tetraplegia as improving function and independence with activities of daily living. 2 Experts in this field estimate that more than half of the tetraplegic population could benefit from some form of upper limb surgical procedure. 3, 4 Uptake of upper limb surgery is variable and in the United States, an estimated 7% of the eligible population undergo surgery. [5] [6] [7] One of the most commonly cited reasons for low utilization is the lack of clarity in the existing literature about the value of the procedures performed and the lack of evidence of effect for different surgeries. This makes it difficult for physicians and health professionals to summarize useful information from the literature for patients and even more difficult for patients to find this information for themselves. 2, 7 There is a paucity of data on SCI in New Zealand (NZ) because of the lack of a national SCI register, although it seems the rate of SCI in NZ men is three times higher than in women and in men between 15 and 29 years accounting for 46% of all SCI cases. 8 Motor vehicle accidents and falls account for the majority of injuries. 9 These few data are similar to worldwide trends with motor vehicle accidents in the 15-44 years age group being the most common cause of SCI, followed by falls in the 460 years age group. [10] [11] [12] Upper limb surgery has been performed in NZ for more than three decades, based at one (Burwood Spinal Unit (BSU)) of the two (BSU and Auckland Spinal Rehabilitation Unit (ASRU)) NZ spinal units. 13 Demographic information was collected from clinical records, computerized Patient Management System and the hand surgery file and thereafter entered into an Excel Spreadsheet (Microsoft Corporation, Redmond, WA, USA) and transferred into SPSS (Version 15.0, SPSS Inc, Chicago, IL, USA) for analysis. Population was described using means with s.d. for continuous data, and proportions for ordinal and nominal data. Differences between the demographics of the surgery and the no-surgery group were tabulated and investigated using w 2 tests for non-parametric data. The level of significance was set at Po0.05.
Results
Between 1 January 2001 and 31 December 2005, a total of 217 individuals sustained an acute injury at C4, C5, C6 or C7 and were discharged from a spinal unit in NZ (115 ASRU, 102 BSU). Once clinical notes were screened, there were 61 cases that met the inclusion criteria (32 ASRU, 29 BSU) for this study.
Demographics and injury characteristics
The demographics of the study population by the spinal unit are presented in Table 1 . Cervical SCI in NZ between 2001 and 2005 was most common in the 17-25 years age groups (data not shown).
Ethnicity
About two-thirds of the study population (n ¼ 37, 62%) identified themselves as NZ European, whereas nearly onequarter (n ¼ 14, 23%) identified themselves as NZ Maori. No obvious differences in ethnicity between the two spinal units were noted.
Assessment for upper limb surgery
Three-quarters of 61 cases (n ¼ 45, 74%) had been assessed for upper limb surgery at the time of study. Of the remaining 16 people who had not been assessed, there was a proportionately high number of Maori (n ¼ 9) and women (n ¼ 6). Of the six women, four were also Maori. Approximately half those with ASIA CFincomplete SCI (n ¼ 4)For C5 SCI level (n ¼ 8) had not been assessed for surgery at the time of data collection ( Table 2) .
Utilization of upper limb surgery in NZ
In all, 2 of the 61 people in the study population died after discharge from the spinal units, 1 from each unit.
One individual had been assessed and was on the waiting list for surgery and the other had not been assessed. Thus, the analysis of surgical uptake was completed for 59 cases. Figure 1 shows the configuration of the surgery and nosurgery groups. The uptake of upper limb surgery was 44% (26 of 59); this is 59% of those assessed for surgery (26 of 44).
Surgery versus no-surgery group Differences were observed in gender, ethnicity, employment and marital status between the two groups (Table 3) . With regard to gender, equal numbers of men chose to either undergo surgery or not, whereas 3 women underwent surgery compared with 11 who did not. Differences were also observed in ethnicity. Three-quarters of individuals who underwent surgery identified as NZ European (n ¼ 19), and only 12% (n ¼ 3) identified as NZ Maori. In contrast, onethird of the no-surgery population identified as NZ Maori (n ¼ 10). Similar numbers of individuals from Cook Island and Samoa are seen in the surgery 12% (n ¼ 3) and the nosurgery 9% (n ¼ 3) groups. Those who were not employed at the time of injury were less likely to undergo surgery (n ¼ 4) than those who were employed (n ¼ 20). Finally, two-thirds of the people who did not undergo surgery did not have a partner (n ¼ 22), whereas there were similar proportions of people with partners in the surgery (n ¼ 13) and no-surgery (n ¼ 10) groups. No statistically significant difference was noted between the surgery and no-surgery groups for gender, ethnicity, marital status or employment status (Table 4) , but NZ Maori and women were underrepresented in the surgery population. The odds ratios and confidence intervals suggested that there could be an important clinical difference in the uptake of upper limb surgery; it is possible that the odds of not undergoing surgery could be up to 15 times greater if one is a woman or Maori (compared with being a man or non-Maori, respectively).
In addition to these demographics, no clear differences between the surgery and no-surgery groups for mean age, spinal unit, ASIA classification or employment status were Assessed for surgery n=45
Not assessed for surgery n=16
Surgery n=26
No surgery n=33
Deceased n=1
Deceased n=1
Utilisation analysis n=59 Figure 1 Surgery and no-surgery groups.
noted. The average length of time between injury and surgery for those who underwent surgery was 20 months (s.d. 10 months).
Discussion
This study showed that the utilization of upper limb surgery in the tetraplegic population of NZ was high with 44% of the eligible population and 59% of those who were assessed electing to undergo surgery. This is higher than the reported utilization of 7% in the United States. 5 However, there are 16 cases of the 59 surviving individuals in the cohort that were not assessed at all for upper limb surgery, despite meeting the clinical criteria for surgery. As this was a clinical notes audit on discharge information, it is unknown whether these people were offered the opportunity to be assessed but declined, or were never offered the opportunity. The average length of time between injury and surgery of 20 months is earlier in NZ compared with other countries such as Spain (34 months), 14 France (46.1 months) 15 and within the United States (34-50 months depending on the centre).
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There are a number of plausible explanations for these observed differences between NZ and other countries. NZ is a small country with two spinal units and a national accident insurance scheme that makes it easier to provide lifetime follow-up after SCI. This 'contained' and specialized service may also help explain why barriers to surgery noted in other studies (such as lack of exposure of physiatrists to this specialized technique, thus limiting referrals to surgeons; inadequate referral network between physiatrists and surgeons; and lack of ability for the surgeons' practice to care for these patients 6 ), may be less of an issue in NZ. It could be hypothesized that the existing relationship between the spinal physicians and upper limb surgeons, as well as surgery and post-operative care being provided in a specialized spinal unit may be a major facilitator for the high uptake of surgery in NZ. In addition, the presence of patients undergoing upper limb surgery, as in-patients in BSU, alongside newly injured patients in the same unit not only informs and educates patients but also rehabilitation staff, family members and the wider SCI community of possible surgical options and outcomes. Moreover, the full public funding for the surgical procedures, the increased attendant care, while 20 This has also been shown in rheumatoid hand surgery with men more likely than women to receive an early, prophylactic hand procedure; women were more concerned with the recovery time, post-operative pain and risks of surgery or post-operative complications than their male counterparts. 21 Gender differences in the uptake of surgical procedures has been suggested by Katz et al. 20 to reflect the greater value men place on their physical function than women, and therefore their willingness to accept the greater potential risk to improve their functional status. They also suggest that practical considerations such as life roles and the need for increased care while rehabilitating may prompt women to defer surgery for as long as possible.
Research would be required to determine whether these reasons, or others, influence the decisions of women with SCI regarding upper limb surgery. As a clinical case series does not fully explore the reasons why people with tetraplegia chose to undergo reconstructive upper limb surgery or not, in phase 2 of this project, the authors plan to explore the process from the perspective of the individual with SCI using a qualitative approach.
The most obvious limitation to this study is the small number of cases limiting the statistical power. Another is the unknown accuracy of discharge lists with regard to injury level. With these lists, there is a possibility of data entry errors, missing or incorrect information. In addition, the study was retrospective, based on clinical notes, computerized Patient Management System and BSU hand surgery file. Although study data collection and data entry were rigorous, the accuracy of data recorded in clinical notes or hand surgery file, or originally entered into the Patient Management System, is uncertain. For example, some information was not recorded at all, particularly employment status at time of injury (six people) and marital status (two people). In such a small sample size, missing data such as this can have a large impact on the analysis.
Conclusion
Utilization of upper limb surgery in the eligible tetraplegic population in NZ was proportionately high. The trends in demographics of ethnicity and gender with regard to surgical status warrant further investigation.
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